designed for subcutaneous delivery of a single 0.5 mL dose of once weekly, long-acting glucagon-like peptide-1 (GLP-1) receptor agonist, dulaglutide. The injection is user-initiated; however, needle insertion, dose delivery, and needle retraction are automated via a spring-loaded mechanism following initiation. The single-dose pen is a small, ready-to-use device (steps to use: uncap, place and unlock, and press to inject) with a hidden 29 gauge needle (5 mm injection depth) that enables a quick injection process (5-10 seconds) and provides dose confirmation. The flat base of the single-dose pen allows it to be held firmly against the skin at the injection site.
The primary objective of this study was to determine if injection-naïve patients with T2D could safely and effectively use the dulaglutide single-dose pen, as demonstrated by the final injection success rate (the proportion of patients who successfully complete injection) being significantly greater than 80%. A key secondary objective was to demonstrate the initial injection success rate as being significantly greater than 80%. This will support use of the Demonstrator Device as an additional training tool in combination with the Instructions for Use (IFU) as effective in training patients. Secondary objectives included assessment of patient perceptions regarding pain, ease of use, experience, device features, and fear of self-injecting. Ease of training was assessed by site trainers and length of time to train patients was recorded. Patient-reported adverse events (AEs) were also recorded.
Methods

Research Design and Methodology
This was a phase 3b, multicenter, open-label, single-arm outpatient study that evaluated the safe and effective use of the single-dose pen in patients with T2D who were naïve to selfinjection and injecting others (protocol H9X-MC-GBDZ, Eli Lilly and Company).
The dulaglutide single-dose pen was used by patients to self-inject 0.5 mL of placebo subcutaneously once weekly for a total of 4 injections, of which 2 (first and last injections) were observed and evaluated by the investigator or designee for success or failure. Before beginning the study, patients provided informed consent and medical history, underwent a physical exam, and verified that they were naïve to self-injection and injecting others. For the baseline assessment, the Diabetes Fear of Injecting and Self-Testing Questionnaire (modified selfinjecting subscale only; hereafter referred to as the mD-FISQ) 15, 16 was administered prior to training on the device.
At baseline (week 0), site personnel trained patients with the Demonstrator Device-designed to simulate the look, feel, sound, and motion of the single-dose pen but without medication, placebo, or a needle-and IFU on self-injection with the single-dose pen. Patients then simulated an injection with the Demonstrator Device on an appropriate injection site (the abdomen or thigh). After a delay period of ≥1 hour, each patient was provided with a package of 4 single-dose pens containing placebo and the IFU. The delay simulated a clinic environment where a patient would receive training, receive a prescription to fill at a pharmacy, and then self-inject for the first time at home. Patients were allowed to refer to the IFU, but no additional instruction was provided by site personnel. A site trainer observed the patient self-inject and recorded the result as success or failure based on predetermined criteria. If the self-injection was a failure, the trainer provided additional instruction and observed the patient self-inject again. If the second self-injection was successful, the patient continued in the study. If the second attempt at baseline was not successful, the patient was discontinued from the study. Each patient completed an injection diary and rated the pain of needle insertion with an 11-point numeric rating scale, between 0 ("no pain") and 10 ("as bad as you can imagine"), from the Medication Delivery Device Assessment Battery (MDDAB).
Patients performed self-injection at home during weeks 1 and 2 and completed the injection diary and pain scale after each self-injection. A site clinician contacted the patient by telephone to review self-injection completion, concomitant medications, AEs, and product complaints. Patients were reminded of the date and time of upcoming telephone contacts and/or the final site visit.
At week 3, patients performed the final self-injection at the investigative site. No additional instructions were provided. After the final self-injection, patients completed the mD-FISQ self-injecting subscale, as well as the MDDAB, containing individual modules evaluating ease of use attributes, experience using the device, and device features, and a final evaluation of pain. The site personnel reviewed concomitant medications, AEs, and product complaints.
Primary and Secondary Objectives-Injection Success Rates
The primary objective of this study was to achieve a final injection success rate (proportion of patients who successfully complete injection) significantly greater than 80%. To perform a successful injection with the dulaglutide single-dose pen, the patient must have completed the following steps: (1) remove the gray base cap, (2) place the clear base of the single-dose pen flat and firmly against the skin at the injection site, (3) unlock by turning the lock ring, (4) press and hold the green injection button, and (5) hold the clear base of the single-dose pen firmly against the skin until a second click occurs (within 5-10 seconds). Sequential order of these actions was not required for injection success, except in the event of an error that would result in a failed injection; patients were allowed to proceed unless intervention was required to prevent self-harm. The key secondary objective of the study was to achieve a baseline initial injection success rate significantly greater than 80%.
Additional Secondary Objectives-Patient-Reported Outcomes
Additional study objectives were to assess patient perceptions of the dulaglutide single-dose pen through completion of the MDDAB, consisting of 4 modules. Patients completed the MDDAB Pain scale after each weekly injection. After the final self-injection (or upon study discontinuation), patients completed modules for Ease of Use (12 items), Experience (8 points), and Device Features (13 items). The mD-FISQ was administered prior to training at baseline and following the final self-injection (or upon study discontinuation).
The MDDAB and mD-FISQ were adapted from insulinspecific questionnaires [15] [16] [17] and modified for use in an injection-naïve, non-insulin-requiring population. Prior to use in this study, content validity of these adapted questionnaires was established through a cognitive debriefing study in patients with T2D (n = 27). Results from this cognitive debriefing study confirmed the comprehensiveness, comprehensibility, and appropriateness of the measures for use in patients with T2D.
Trainer-Completed Measures
Site personnel evaluated ease of training for each patient with a single-item questionnaire and recorded the initial time to train each patient. Site personnel also recorded any AEs reported by the patients and indicated those possibly related to the study device or procedure.
Analysis Populations
The full analysis set (FAS) for this study included all enrolled patients who performed at least 1 self-injection at home with the single-dose pen and attempted the final injection, or who discontinued the study due to device (difficult to use or injection discomfort) or failure to perform a successful self-injection at baseline even after additional instruction prior to a second attempt. The primary analyses were conducted on the FAS. The initial injection success rate and AEs were evaluated in all enrolled patients.
Analysis Methods
For the final and initial injection success rates, descriptive statistics and a 95% 2-sided confidence interval (CI) were used to summarize the success rate, and the Wilson (score) CI was used. 18 A paired t test assessed whether mean pre-topost change in mD-FISQ self-injecting subscale total score was different from zero. All tests were conducted at a 2-sided alpha level of .05. For other outcomes, descriptive statistics were calculated. Patients who discontinued the study due to difficulty or dissatisfaction with the device or due to failure to perform a successful self-injection at baseline and, therefore, had missing data for the final injection, were considered failures in the primary analysis. There was no imputation for missing training data or patient-reported outcome data.
Results
Of 214 patients enrolled in the study, 210 completed the study and 4 were discontinued. Three patients were discontinued due to protocol violations, and 1 patient was discontinued due to failure to successfully perform the initial self-injection after 2 attempts. Thus, the FAS consisted of 211 patients; baseline characteristics are described in Table 1 . Mean baseline patient demographics were aged 61 years, duration of diabetes 7.7 years, A1C 6.6% (49 mmol/mol), and body mass index 31.7 kg/m 2 . Of the patients, 36% had a highschool level of education or less, and 35% were aged 65 years or greater. Pre-existing conditions ( Table 2) were representative of those expected in a population of patients with T2D not requiring insulin. Regarding concomitant pain medications, 9.3% of the patients reported having used hypnotics, sedatives, and/or barbiturates, and 13.6% of the patients reported having used analgesics and/or skeletal muscle relaxants. Failed to or was unable to remove base cap 1 (0.5) Unlocked single-dose pen and pressed button before removing base cap 0 (0.0)
Unlocked single-dose pen and pressed button before placing on skin 0 (0.0)
Replaced base cap (before injection) 0 (0.0) Placed single-dose pen upside down or inverted single-dose pen 2 (0.9)
Failed to unlock single-dose pen 0 (0.0) Failed to or was unable to press button 0 (0.0) Performed incomplete button press 1 (0.5) Removed single-dose pen from skin before needle retracted 2 (0.9) Site stopped injection due to possible subject injury, n (%) 2 (0.9) a CI, confidence interval. a Two patients stopped injections when the single-dose pen was placed upside down or inverted.
Primary and Secondary Outcomes-Final and Initial Injection Success Rates
The primary and key secondary objectives of this study were achieved. Of 211 patients in the FAS, 209 (99.1% [95% CI: 96.6% to 99.7%]) achieved the primary outcome of final self-injection success at week 3-1 patient removed the single-dose pen from the skin before the needle retracted, and the patient discontinued due to failure to successfully perform the first self-injection after 2 attempts was counted as an injection failure (Table 3) . Final injection success was achieved by 99.3% of patients aged <65 years and by 98.6% of patients aged ≥65 years. Of 214 enrolled patients, 208 (97.2% [95% CI: 94.0% to 98.7%]) achieved the key secondary outcome of initial selfinjection success at baseline (Table 4 ). Initial self-injection success at baseline was achieved by 98.6% of patients aged <65 years and by 94.7% of patients aged ≥65 years. Reasons for injection failure are summarized in Table 4 .
Injection Pain Scores
In the FAS, the overall pain score (mean ± standard deviation [SD]) across all injections was 1.0 ± 1.09 (median score, 0.8). Of the 840 pain scores recorded, no pain (pain score of 0) was reported with 45.7% (384) of injections, and a pain score of 1 (suggesting minimal pain) was reported with 28.9% (243) of injections. For the initial injection, 39.5% (83) of patients reported no pain, and 53.3% (112) of patients reported no pain with the final injection. The mean ± SD overall pain score was 1.2 ± 1.18 among patients <65 years and 0.7 ± 0.85 among those aged ≥65 years (Figure 2 ). 
Ease of Use Module Scores
Among 210 patients, 208 (99.0%) reported that overall, the single-dose pen was "easy" or "very easy" to use. Also, 208 patients (99.0%) responded that it was "easy" or "very easy" to follow the instructions when using the device and to selfadminister an injection. Most patients (96.7%) responded that it was "easy" or "very easy" to learn how to use the device (Supplemental Table 1 and Figure 3 ).
Experience Module Scores
A total of 206 patients (98.1%) found it convenient to selfinject with the single-dose pen. The majority of patients (79.0%) responded that they "disagreed" or "strongly disagreed" that it was painful to self-inject with the single-dose pen. Most patients were confident they could identify that the full dose was delivered (96.7%), in their overall ability to use the single-dose pen (99.0%), and in their ability to continue using the single-dose pen (100.0%). The majority of patients "agreed" or "strongly agreed" that they were satisfied with the overall injection experience (97.1%), were "mostly willing" or "definitely willing" to continue using the device (96.7%), and were "mostly willing" or "definitely willing" to recommend the device to others (97.1%) (Supplemental Table 2 ).
Device Features Module Scores
Device Features module scores showed the majority of patients liked the single-dose pen features, with the 5 highest rated items relating to needle features and being able to hear the click, which verified dose completion. Most patients favored not having to attach the needle (99.0%), touch the needle (98.6%), or see the needle (95.7%) (Supplemental Table 3 and Figure 4 ).
Self-Injecting Subscale Scores
There was a significant (P < .001) mean reduction from baseline to end of study in patients' fear of self-injecting, as measured by change in the mD-FISQ self-injecting subscale total score between the time points prior to the initial selfinjection and following the final self-injection ( Figure 5 ). Per-patient changes in self-injecting subscale scores are shown in Supplemental Figure 1 .
Ease of Training and Time to Train Questionnaire Results
Site personnel evaluated ease of training using a single-item question and recorded the initial time to train each patient. The designated trainers rated it "easy" or "very easy" to train most patients (92.5% overall, 94.2% of those aged <65 years, and 89.3% of those aged ≥65 years), and the average time (mean ± SD) to train was 10.4 ± 6.5 minutes (10.1 ± 5.2 minutes for those aged ≥65 years). Only 2.3% of patients required additional training due to injection failure on the first attempt.
Adverse Events
No deaths or serious AEs were reported and no reported AEs led to study withdrawal. There were 34 treatment-emergent adverse events (TEAEs) reported in 26 patients (Table 5 ). In the opinion of the investigators, there were no TEAEs related to the device. Eight events in 6 patients were coded as injection site reactions and/or reported by the investigator as related to study procedure. Of these 6 patients, 5 reported 6 injection site reactions: injection site bruising, injection site bleeding (reported by 2 patients), injection site mass, or injection site pain. One patient reported injection site bleeding on 2 occasions; these occurrences were not deemed related to study device or procedure in the investigator's opinion. All injection site reactions were rated mild in severity; 4 of the 6 resolved on the same or next day. Two additional bruising events in 2 patients were reported as related to study procedure but not coded as injection site reactions.
Discussion
The results of this study indicate that the once weekly dulaglutide single-dose pen can be safely and effectively used for self-injection by patients with T2D who are naïve to selfinjecting or injecting others. This study's primary and secondary objectives were met, with final injection success observed in 99.1% of patients (95% CI: 96.6% to 99.7%) and initial injection success observed in 97.2% (95% CI: 94.0% to 98.7%). Final self-injection success was 99.3% in patients aged <65 years and 98.6% in those aged ≥65 years, suggesting that age is not a factor in successful use of the dulaglutide single-dose pen. At baseline, 6 patients failed to successfully inject. One patient failed to remove the base cap, 2 patients attempted to hold the single-dose pen upside down, 1 patient incompletely depressed the injection button, and 2 patients removed the single-dose pen before full needle retraction. At the final injection, 2 patients failed to successfully inject; 1 of these was an imputed failure from discontinuation at the initial injection, and the other patient removed the single-dose pen prior to injection completion. None of the observed errors would lead to acute clinical harm; however, these are use errors that health care providers may anticipate as they train patients to use the single-dose pen.
Most patients indicated that they experienced little to no pain with self-injection, that the single-dose pen was "easy or "very easy" to use, and that they were satisfied with the overall injection experience. The majority of patients found the single-dose pen features favorable, particularly items relating to the hidden needle and being able to hear the click at dose completion. Most patients were willing to continue using the single-dose pen if it were available after the study and willing to recommend the device to others. Site personnel found it easy to teach injection-naïve patients how to successfully self-inject with the single-dose pen.
All patients who completed the home injections were able to successfully inject without contacting site personnel for additional instruction. This may foster health care provider confidence in patients' ability to use the device independently, may minimize the frequency of patients calling for assistance, and may be beneficial regarding treatment adherence and persistence. Fear of self-injection is a common barrier for patients with diabetes when progressing from oral therapy to injectable therapy 6 and has been found to be associated with poor glycemic control, decreased general well-being, and other psychological comorbidities. The observed reduction in patients' fear of self-injecting after using the single-dose pen for 4 weekly injections may give confidence to health care providers when prescribing dulaglutide for injection-naïve T2D patients.
Limitations of this study include the administration of placebo rather than active drug product and the willingness of injection-naïve patients to self-inject, which may not be entirely representative of an injection-naïve T2D patient population. The inclusion criterion of A1C ≤8.5% (69 mmol/mol) was established for this study to ensure patients enrolled were not in imminent need of treatment intensification. Thus, the patients in this study with fairly well-controlled T2D may not be entirely representative of an injection-naïve population progressing to injectable therapy. In addition, in clinical practice, patient training on self-injection with the single-dose pen may vary from the method provided by site personnel in this study.
In diabetes management, patients' ability to initiate and continue therapy is related to the education and training they receive about their disease and treatments. 19 Pen devices (eg, insulin pens) have been shown to be easier and more convenient for diabetes treatments than conventional vials/ syringes. 20 Pens that are simple to learn to use are more likely to give patients the confidence to self-inject, and thus more likely to lead to better adherence and glycemic control. 21, 22 In addition, less painful injection devices have the potential to improve adherence to diabetes treatments and improve glycemic control for many patients. 23 Injection volume is related to injection pain, thus devices with lower drug volumes are likely to reduce this pain; however, injection speed has been shown to have no effect on perceived injection pain. 24 Studies in other disease areas (eg, multiple sclerosis) have demonstrated the clinical benefits and favorable patient perceptions associated with easy-to-use and easy-to-train therapies that are self-injectable. 25, 26 A positive self-injection experience, including successful injection, minimal to no pain, ease of use, confidence in ability to use the device, and a once weekly injection schedule, is an important consideration for patients and providers when initiating injectable therapy for T2D.
Conclusions
This study demonstrated the dulaglutide single-dose pen could be used safely and effectively by injection-naïve patients with T2D to self-inject. Patient-reported outcome results indicated patient satisfaction with the single-dose pen injection experience.
Abbreviations AE, adverse event; CI, confidence interval; FAS, full analysis set; GLP-1, glucagon-like peptide-1; IFU, Instructions for Use; MDDAB, Medication Delivery Device Assessment Battery; mD-FISQ, modified self-injecting subscale of the Diabetes Fear of Injecting and Self-Testing Questionnaire; SD, standard deviation; T2D, type 2 diabetes; TEAE, treatment-emergent adverse event.
